Female plants of several species of the dioecious genus Leucadendron (Proteaceae) were regularly observed for possible insect pollinators. Leucadendron was found to be beetle pollinated with Pria cinerascens Er. 
Introduction
In general very little is known about the insect pollination of the Cape flora. This is clear from a recent synthesis by Whitehead et al. (1987) in which the need for detailed studies rather than more anecdotal information on pollinators is stressed.
The pollinators of the Proteaceae, one of the dominant families in the Cape flora, have received little attention, the only comprehensive study being that of Coetzee & Giliomee (1987) , who showed beetles to be the main pollinators. Pollination of the genus Leucadendron is of particular interest because all the species are dioecious. Williams (1972) estimated that of the 91 Leucadendron spp., 89% are insect pollinated , 6.6% wind pollinated, 3.3% probably extinct, and that one species L. salicifolium (Salisb.) Williams, is probably in transit from insect to wind pollination. Williams also noted that the beetle Pria cinerascens Er. is often associated with the flowers of this genus. This is of interest since the role of Coleoptera as pollinators has largely been ignored in pollination studies (Faegri & van der Pijl 1979) . Also, beetles are only rarely the pollinators of dioecious plants: in a dry forest in Costa Rica 3% of the dioecious plants were pollinated by beetles compared to 80% by small bees (Bawa 1980) . This study was undertaken during the blooming periods of 1985 to 1987, to evaluate experimentally the pollination to take place if wind pollination were operating in that species. Birds but not insects were excluded from L. gandogeri female flowers using similar sleeves of wire chicken mesh with an 18 mm x 18 mm aperture.
The cones from the covered flowers were retrieved 7 to 12 months later and the seed set compared with that of uncovered cones. Covered and uncovered cones used for comparison were taken from the same plants, were formed in the same blooming season and were collected for analysis simultaneously.
A comparison was made between the number of cones developing from the capitula of L. salignum in excluded and control floral shoots. A cone was considered not to have developed when it had shown no increase in size after blooming and had dried up. This contrasted with developing cones which increased in size after blooming and did not dry up or falloff.
In evaluation of the seed set, the number of florets per capitulum was determined by counting the number of bracts per cone. The cones were then dissected to remove the seeds which had set and had developed since blooming. Seeds with a moist fleshy endosperm were taken as positive indications of pollination having occurred. The exclusion of insects was expected to cause either a decrease in the level of seed set and number of cones developing (insect or bird pollinted species) or to cause no such change (wind pollinated species). The seed set data were analysed using the method of Cox (1970) for comparing pairs of binary data. A left onesided test was used assuming that more seeds set in the non-excluded control.
Potential insect pollinators were collected individually on female flowers if they displayed activity which could have led to pollination provided that they were carrying pollen , i.e. coming into contact with the stigmata. The numbers found therefore reflect the relative abundance of the species at the time of sampling. Collecting was undertaken on days with little or no wind and without rain. Flowers were inspected for pollinators from early morning to late afternoon for at least one day during the blooming period.
The insects collected were inspected for pollen by using the method of MacGillivray (1987) . The insects' pollen load was washed off with xylene and the tubes in which they were collected were washed out for pollen . The pollen was embedded in a glycerine jelly pellet by centrifuging and then mounted on a microscope slide. These slides were examined microscopically for pollen from male plants of the particular species, and the pollen grains counted.
Results
In all the insect-pollinated species studied, many more insects were observed on the more abundant male than female capitUla. Insect species were often found on the male capitUla which did not occur on the female but not vice versa. Some of these insects were physically unable to reach the female florets which were enclosed by the involucral leaves . This was the case with L. laureolum, where the honey bee Apis melli/era L. visited male but S.-Afr.Tydskr. Plantk., 1989, SS( 4) Table 1 Number of L. salignum cones developing on insect-excluded floral shoots compared with non-excluded control shoots, the level of seed set in insect-excluded cones compared with non-excluded control cones and the left one-sided significance levels (P), (Jonkershoek Forest Reserve, 1986) 
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L. salignum
The exclusion experiments showed that the exclusion of insects did not cause a significant decrease in the number of developing cones in spite of a significant reduction in the level of seed set (Table 1) . Wind clearly does not playa significant role in the pollination of L. salignum since the seed set in insect-excluded cones was extremely low.
The principle pollinator appeared to be a minute nitidulid beetle «2 mm), Pria cinerascens Er., which was collected at three of the four study sites (Table 2 ). In the Shaw's Pass region P. cinerascens was absent and apparently replaced by the coccinellid Hippodamia variegata (Goeze), (Table 3) .
L. daphnoides
This species was pollinated by a guild of insects, mostly small Coleoptera (Table 4 ) . The pollen load on A. melli/-era was relatively low for this insect , indicating that they were visiting the flowers for netar and not collecting pollen. In this species nectar is also produced in the male flowers (Williams 1972) .
L. salicifolium
No insects were encountered on the male or female flowers. Clouds of pollen were released when the male plant was shaken and the pollen was not sticky indicating that this may be a wind-pollinated species. Exclusion n/a n/a n/a 354 n/a n/a n/a n/a n/a n/a n/a 389 experiments were destroyed by fire before the results could be obtained.
L. sessile
A member of the coleopterous family Alticidae was the most abundant pollinator but carried a very low pollen load . Small, winged curculionids were not as abundant, but in view of their relatively heavy pollen loads were probably also important pollinators (Table 5 ) . The results of exclusion experiments at two sites demonstrate that L. sessile is not wind pollinated (Tables 6 & 7) . Extensive bee activity was observed on the male flowers but the female flowers were not visited. The two specimens caught on female flowers (Table 5 ) alighted for no more than one second and it seems that the visits were made by mistake as these female flowers were in close proximity to the male flowers being visited. Therefore A. melli/era cannot be considered to be an important pollinator, although it should be noted that some dioecious plants like Carica papaya L. rely totally on 'mistake' pollination for fertilization (Baker 1976) . (Table 9 ). Curculionids were less abundant, carried less pollen and there was greater variation in their pollen load but were probably still of some importance as pollinators.
L. mieraeephalum
Pria cinerascens and a Ceutorhynchinae (Coleoptera: Curculionidae) appeared to be the primary pollinators (Table 10) . Exclusion experiments were destroyed by fire.
L. laurealum P. cinerascens was the primary pollinator (Table 11) . Exclusion experiments were not undertaken to evaluate the role of wind in the pollination of this species as wind was not expected to be of importance. This assumption was based on observations during a previous blooming season, i.e. there was a large number of insects in association with the female flowers, sticky pollen, no cloud Nectarinia violacea (L.) were seen visiting the flowers, an experiment was conducted to exclude birds but not insects. The results indicated that this species was not primarily wind pollinated and that it was probably insect pollinated (Table 12 ). The sunbirds seem to have contributed towards pollination as in three out of five cases there was a significant reduction in seed set when they were excluded (Table 13) . It must be noted that the experiment to exclude birds but to allow insects access to the flowers also excluded the larger Lepidoptera.
L. coniferum
Exclusion of insects from the female flowers of this species showed that it was wind pollinated (Table 14) . This experiment also proved that the gauze exclusions allow wind-borne pollen to reach the florets. The plants were not inspected for pollinating fauna during bloom .
Discussion
Previous workers have speculated that the pollination of Leucadendron is effected by bees (melittophily) (Vogel 1954) and by beetles (cantharophily) (Faegri 1965) . Faegri mentioned that he found Genuchus hottentottus (F.) on Leucadendron. While this relatively large scarabaeid beetle is known to feed on nectar and pollen in Protea inflorescences (Coetzee & Giliomee 1987) it was not noticed on any of the Leucadendron species during this study. From the work undertaken here it appears that Leucadendron is indeed beetle pollinated , but that the pollen vectors are small beetles of the families Nitidulidae , Curculionidae and Alticidae . These beetles are also important pollinators of Protea repens (L.) (Coetzee & Giliomee 1985) .
The observations on Leucadendron are in agreement with the general conclusion of Bawa (1980) that the great majority of dioecious species are pollinated by relatively small insects that forage constantly at a particular plant for a long time . Where the same or similar beetles are pollinators of self-compatible species such as Pro tea species, this may result in inbreeding depression, expressed in lower seed set, as is typical for many Protea species (Horn 1962) , or in lower-quality seeds. In contrast, the seed set in the Leucadendron species studied was relatively high , lending support for the traditional argument that dioecy had evolved as an outbreeding mechanism (see for ex ample Baker 1984) . Other mechanisms promoting outbreeding i' 1 1 hE' Proteaceae are the strong protandrous ha bit , th e )n of the inflorescences for rodents in some Pro tea ~j.J~ __ s and for birds in genera like Protea, Mimetes and Leucospermum and wind pollination (anemophily). The latter may have evolved more than once in Leucadendron from entomophilous ancestors (Steiner 1988) , probably as a result of further specialization of the sexes in producing and receiving pollen once their segregation was established.
While there are disadvantages for plants in being pollinated by relatively inactive, generalized feeders like small beetles it has the advantage that the pollinators' energetic demands can be satisfied by small rewards of nectar and pollen. This may be of particular significance for fynbos plants which generally grow on nutrient-poor soils.
The small, unspecialized pollinators of Leucadendron and the pale, inconspicuous, often small flowers of the genus are in agreement with the dioecious pOllinator and flower syndrome of Bawa & Opler (1975) . They found that most insect-pollinated dioecious species had small, white, yellow or pale green flowers. The similarities in the pollination biology of Leucadendron and the tropical species studied by Bawa & Opler led Steiner (1987) to S.-Afr.Tydskr. Plantk., 1989,55(4) speculate that Leucadendron had a tropical rather than temperate origin.
Where Pria cinerascens was the chief pollinator, protection provided by the plants for the beetles appeared to be important. P. cinerascens was easily disturbed and searched for concealed clefts in the foliage to hide. They were seldom seen on exposed surfaces. On the male capitula they were mostly found concealed between the florets. The female capitula of L. salignum and L. laureolum are enclosed by the involucral leaves. P. cinerascens was also the principle pollinator of L. microcephalum where they were mostly encountered beneath the involucral bracts which enclose the lower portion of the female capitulum.
The natural pollinator fauna in the Shaw's Pass region appeares to have been disturbed by the extensive presence of Hippodamia variegata (Table 3 ) . H. variegata was first observed in South Africa in the late 1960's by Dr V.B . Whitehead, and is probably of European origin (V.B . Whitehead , pers. comm.) . Hippodamia spp. often switch from an aphid diet to a non-insect diet such as pollen, honeydew, nectar or extra-floral nectary secretions when aphids are not available (Hagen 1962) . Volkov (1937) reported that Adonia variegata Gze. (= H. variegata) switched from aphids on cotton to nectary secretions on cotton once the aphids had been eliminated . The attraction of pollen and nectar could account for the presence of H. variegata on L. salignum flowers in the winter which appeared to have resulted in the exclusion of P. cinerascens as the primary pollinator in this region. Not only had H. variegata replaced P. cinerascens as the main pollinator in Shaw's Pass, a number of other pollinators also appeared in this region which may be a result of the disturbance caused by the alien H. variegata. Although H. variegata appears to be a better pollinator of L. salignum than P. cinerascens the full extent of the impact of H. variegata on the plant and insects in association with the plant should be studied in detail. This is especially important in view of the many importations of similar insect predators for biological control of pest insects in agriculture.
Apis melli/era occurred abundantly on the male flowers of L. sessile but did not appear to be attracted to the female flowers, even though nectar was secreted by the female flowers and the involucr:
"es did not enclose the flowers. The protein-rich polle n , vailah1e in the male flower in addition to the production of ' c' ·,r by the male florets of some Leucadendron species (Williams 1972) , could account for the insects' preference for the male flowers. The early flowering of male plants, the more abundant and often more conspicuous male than female floral shoots and the abundant floral rewards of male flowers all help to ensure that potential pollinators move from male to female flowers, the direction they must move to effect pollination.
